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The Environmental Sustainability (ES) Synthe
The Ontario Agri-Food
Innovation Alliance is an
innovative governmentuniversity collaboration
delivering high-quality, highimpact research results that
strengthen Ontario’s agri-food
and rural sectors and improve
the health and prosperity of the
province’s citizens and
environment.
Environmental Sustainability (ES)
is one of eight research themes
funded by the Alliance,
supporting research that ensures
the sustainability of Ontario’s
agricultural and agri-food
sectors, promoting
environmental health while
maintaining profitability. The
goal of this synthesis was to
capture information about the
impacts of ongoing and
completed ES research projects
and their interrelationship at a
farm scale.
Taken together, this project
documents a dedicated and
comprehensive research effort
by the Alliance to increase the
environmental sustainability of
Ontario’s agri-food industry.
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In agriculture, greenhouse gases (GHGs)
The Ontario Agri-Food Innovation
are generated during the breakdown
Alliance is supporting research and
Partnerships
or conversion of chemicals through
knowledge mobilization to help the
processes such as cows’ digestion of
agri-food sector reduce GHG emissions
feed
and
the
conversion
of
nitrogenthrough evidence-informed policies,
$2.4 Million in-kind
containing nutrients by soil microbes.
programs, best management practices
GHGs are also indirectly produced in
(BMPs), incentives, and new tools
$5.1 Million
cash
agricultural operations (i.e., through
and technologies. The projects in this
using electricity). The GHGs studied Industry
report document the Alliance’s support
in environmental sustainability (ES)
for sustainability and profitability in
Government or
projects include carbon dioxide,
Ontario’s agri-food sector and rural
conservation
authorities
methane, nitrous oxide and ammonia.
communities.

77 Partners

30
21
$7.5 Million
17 Commodity groups
leveraged from
77 partners
Climate
change is one of the leading
challenges facing the world today,
9 Granting agencies
g ratio)
and Ontario’s agricultural sector is not
exempt from its effects. Changes in
regional weather conditions may cause
more droughts, affect where crops can
be grown, increase the presence of
pest species, and affect water quality
and quantity. Although agriculture
contributes to GHG emissions, the
industry can also contribute to the
reduction of GHG production. Finding
ways to decrease agricultural GHG
emissions is vital to food sustainability
and makes climate change research a
priority for the Alliance.
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competitive agri-food sector is
built on a sustainable environment.
From farm to fork, every step in food
production has an impact on the
environment. Research supported
through the Ontario Agri-Food
Innovation Alliance’s Environmental
Sustainability research theme is helping
maintain and enhance our natural
resources, while also ensuring that our
agri-food sector remains sustainable
and profitable. As we look forward
to our renewed partnership with the
Ontario Ministry of Agriculture, Food
and Rural Affairs, it is important to
also look back at what our researchers
have accomplished over the past eight
years: creating online tools to improve
sustainable agricultural operations;
developing technologies and models
that help address nutrient runoff
from farms; influencing government
and commodity group policies with
evidence-informed research; and
training 149 skilled students to meet
the changing demands of the agrifood sector. Research supported by
the Alliance is helping farmers and
agri-business deal with some of the
most pressing challenges of our time,
research
collaborators
including
climate change,
nutrient
(3:1
U
of
G
to
external
institutions)
transport and biodiversity conservation.
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This project represents the first effort
to tell the story of how individual
research projects are contributing to the
sustainability of both our environment
and our agri-food sector. Even as
each project increases our knowledge,
the entire program illustrates the
interconnectedness of the research at
the farm level and how that research
helps us understand the influence of
agricultural drivers on our environmental
systems.
Bill Van Heyst
PhD, P.Eng.
Environmental Sustainability Theme
Research Program Director, 2011-2018
University of Guelph

L

ong-term sustainability and
profitability of the agri-food sector
is increasingly dependent on the
preservation of the productive capacity
of natural resources. Stewardship
of these resources is essential for
capitalizing on growth opportunities and
protecting agricultural land for future
generations. The Ontario Agri-Food
Innovation Alliance provides a unique
capacity to address the agri-food
sector’s research and innovation needs
and agri-environmental issues to drive
long-term sustainability for the sector.
OMAFRA’s environmental sustainability
research theme has supported research
at the University of Guelph to maintain
the ability of our natural resources to
support and strengthen agricultural,
food and bioproduct sectors and rural
communities. Over the last 10 years,
OMAFRA invested $7.4 million in
70 agri-environmental sustainability
research projects through the Alliance.
Research has focused on important
environmental issues to encourage
nutrient management best practices,
enhanced biodiversity and reduction
of greenhouse gas emissions from
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the sector. These research projects
are yielding exciting new knowledge,
innovative technologies, partnerships
and new production systems, and
contributing to the training of the next
generation of trained personnel for the
sector. It is essential that this research
be shared in formats that are widely
accessible to farmers, agri-businesses
and other partners across the province,
providing evidence to guide decisionmaking related to agricultural lands
and to inform adoption of innovation
and best practices on the landscape.
This synthesis report is another step
toward this goal. Through the recent
renewal of the Alliance, we look forward
to continued collaboration with the
University to further strengthen our
partnership and the outcomes achieved.
Colleen Fitzgerald-Hubble
Environmental Sustainability Theme
Director Champion
Ontario Ministry of Agriculture,
Food and Rural Affairs
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Climate Change - Mitigating Greenhouse Gas
Greenhouse gases (GHGs) – such
as carbon dioxide (CO2), methane
(CH4), nitrous oxide (N2O), and
indirect GHGs like ammonia
(NH3) – contribute to climate
change and are produced as
byproducts of agricultural
practices. While agriculture can
be a source of GHG, it can also
provide solutions through
adopting existing best practices
and green energy production.
Finding ways to reduce GHG
emissions is vital to long-term
food sustainability. Farmers need
the best available research to
inform opportunities to become
resilient to a changing climate
and to identify sustainable
practices that contribute to GHG
emission reductions.
The Ontario Agri-Food
Innovation Alliance funds
research that provides the
evidence to make informed
policies, create tools and
develop BMPs to support GHG
emission reductions and energy
conservation.

Reducing Greenhouse Gas
Emissions on Dairy Farms

Researcher: Claudia Wagner-Riddle

Developing best management
practices for dairy production
in diet, manure storage and
feed cropping systems

N2O C

N2O CH4
CH4

CO2
N2 O

Greenhouse
Gases

Developing Strategies for
Greenhouse Gas and Ammonia
Mitigation on Poultry Farms

Researcher: Bill Van Heyst

Measuring GHG emissions and
evaluating mitigation technologies and
green energy production to improve
sustainable poultry operations

LEDs for Poultry Barns

Researcher: Gregoy Bedecarrats

Created LED bulbs to
improve egg production
and reduce energy use in
egg-laying facilities

s Emissions

A farm-scale view of research supported by the Ontario Agri-Food
Innovation Alliance, Environmental Sustainability research theme

Reducing Greenhouse Gas
Emissions During Crop Production

Exciting New Infrastructure
Researcher: Claudia Wagner-Riddle

Researcher: Jon Warland

Installed lysimeters to measure
soil characteristics, drainage and
GHG production under different
cropping systems

CO2

Comparing how tillage and residue
management practices interact to impact
GHG emissions and soil hydrology

Evaluating the Economics
of Environmental Policies

N2O
CO2

Researcher: Alfons Weersink

CH4
CO2

CO2

NH3 CH4

Examined the impact of
green economy policies on the
environment, land use and
bioenergy/economy
development

Reducing greenhouse gas
emissions on dairy farms

CO2

Researcher: Claudia Wagner-Riddle

Project Findings 2

From farm to fork, milk production
contributes about 13 per cent of
Canada’s total GHG emissions. Dairy
cows emit GHGs through digestion,
which produces methane, and through
the application of their manure for crops.
However, these are only two possible
sources of dairy farm-associated GHG
emissions. To effectively reduce GHG
emissions on dairy farms, all sources of
GHG production must be understood.
Using a systems-based approach to
investigate all direct and indirect GHG
emission sources across the whole farm
can provide a more accurate picture
of where GHG mitigation efforts will be
most effective.

To identify areas where GHG emissions
can be reduced, Prof. Claudia WagnerRiddle, School of Environmental
Sciences, conducted a systems-based
project examining the total GHG
emissions from every stage along the life
cycle of dairy production. The project
identified the greatest sources as

Adding more starches and lipids
(e.g., corn silage) to the cows’ diet
decreases methane production.
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· methane produced by cows’ digestion;
· nitrous oxide emissions from growing
feed crops; and
· manure storage practices that produce
methane and nitrous oxide.
Farms showed large variations in
emissions, indicating there is room
to mitigate GHGs through practice
changes. A potential strategy for
improvement involves adding more
starches and lipids (e.g., corn silage)
to the cows’ diet to decrease methane
production. Manure management
practices that can help reduce GHGs
include anaerobic digestion of manure,
covered manure storage and complete
emptying of storage containers to
prevent uncontrolled methane release.
These findings can guide farmers in
taking steps to mitigate GHG emissions
from milk production.

Reducing greenhouse gas
emissions during crop production
CO2
Researcher:
Jon Warland
Problem Addressed

N2OProject Findings CO2

Both applied nitrogen, in the form of
manure or synthetic fertilizer, and soil
organic carbon supply crops with the
nutrients necessary for growth and
provide soil structure. Through runoff,
leaching or conversion to nitrous oxide
and carbon dioxide, both applied
nitrogen and soil organic carbon can be
lost from fields, leading to water quality
issues and increased GHG emissions.
Little is known about how combining
different farming practices such as
tillage methods and crop residue
removal affect crop yields, water
budgets (input and output of water
through a region) and GHG emissions.
However, developing and using best
management practices (BMPs) for
tillage and residue removal may reduce
the amount of GHGs released into the
environment.
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Prof. Jon Warland, School of
Environmental Sciences, led a project
with a collaborative team of U of G
researchers beginning in 2008 to
examine how tillage practices and
crop residue management affect gas
emissions, soil hydrology, microbiology
and more.
The work showed that no-till practices
resulted in the lowest carbon emissions
during the spring thaw and that
conventional tillage had a higher
variation in soil organic carbon. When
crop residues remain on fields, tillage
will generally increase shallow and
deep soil wetness. Higher nitrous
oxide outputs were found without
crop residue, and spring nitrous oxide
emissions increased based on the soil
microbes’ rate of nitrogen metabolism.
The data gathered during this project
helped identify sources of GHG
emissions.

11

Greenhouse gas and ammonia
mitigation on poultry farms
Researcher: Bill Van Heyst
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Problem Addressed

Project Findings

Feed, bedding and birds produce many
noxious fumes and GHGs inside poultry
facilities such as ammonia, particulate
matter and, to a lesser extent, methane.
Ammonia is particularly toxic to aquatic
organisms as it reduces available
oxygen in the water. Ammonia also
irritates the human respiratory system
and eyes, and can react with other
gases to create secondary particulate
matter. Particulate matter is any
aerosolized solid or liquid droplet;
when smaller than 10 micrometres in
diameter, these droplets can enter the
lungs and may lead to heart and lung
disease. Particulate matter may also
contribute to acidification of water
bodies and soil nutrient depletion.
Understanding that poultry barns are
a significant contributor of ammonia —
an indirect GHG — in the environment
has led to Alliance research to develop
solutions to mitigate these emissions on
farms.

Prof. Bill Van Heyst, School of
Engineering, conducted two
consecutive ES projects to measure
poultry facility emissions and assess
best pollution mitigation strategies.
The first study measured methane and
particulate matter emission rates. The
second study determined that acid
scrubbers and biofiltration were the
most effective strategies for removing
ammonia and particulate matter,
respectively. This information can help
farmers make decisions about the
air filtration devices they should use
to reduce GHG emissions that their
facilities release into the environment.

Ontario Agri-Food Innovation Alliance

Evaluating the economics
of environmental policies
Researcher: Alfons Weersink

Problem Addressed
To slow climate change, policies are
created to encourage the transition to
a green economy, or moving from fossil
fuels to renewable energy sources.
Agriculture plays a significant role in
this transition, given the amount of land
managed by farmers and the ability
to provide alternative energy sources
such as biofuels and biogas — a byproduct of anaerobic digestion. These
policies are also intended to benefit
the local economy, but the economic,
environmental and land-use impacts
of these green policies had not been
evaluated and their implementation
may have unintended consequences.
Examining the impacts of a transition to
a green economy — taking the effects of
climate change on crop yields and land
use into account — can better prepare
Ontario for changing fuel demands.

Project Findings
Prof. Alfons Weersink, Department
of Food, Agricultural and Rural
Economics, led a team to assess
these green policies regarding biofuels
and anaerobic digestion, integrating
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environment, land use and economics.
Ontario can grow sufficient biomass
crops to supply the biofuel and
bioproduct market, but the actual
amount grown will depend on biomass
crop prices relative to other crop
prices. Future energy prices along with
government regulations, such as fuel
composition mandates, will dictate
the relative demand for fossil fuels
versus biofuels. Higher biofuel prices
will increase the price of feedstocks
used to make the biofuels and would
mean greater profits for the agricultural
sector. A global market analysis shows
such an increase in commodity prices
as occurred between 2008 and 2013 is
detrimental for consumers in developing
nations that import food but beneficial
for farmers in developing countries that
grow these crops.
Anaerobic digesters are currently
practical only on large dairy and beef
farms with enough animal manure
available. If extra compostable waste is
available, it can help make this a more
economical choice for other agricultural
producers. This project helps farmers
and policy makers determine the
economic benefits and environmental
effects of implementing green practices.
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Research at a glance
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Lysimeters
Since 2016 — with a $2-million grant from
the former Ontario Ministry of Research,
Innovation and Science and the Canada
Foundation for Innovation — U of G
CH418 lysimeters at the
has installed
Elora Research Station. A lysimeter
is a large container filled with soil
that is used to measure water in
unsaturated soils (often under
crops).

Greenhouse
Gases

N2O CH4

Led by Prof. Claudia Wagner-Riddle,
this project is looking at the long-term
soil health impacts of conventional vs. diverse
cropping methods in sandy and loam soils, matching field conditions.
These lysimeters are the only ones used specifically for soil health and
ecosystem services.

Developing Strategies for
Greenhouse Gas and Ammonia
Mitigation on Poultry Farms
Researcher: Bill Van Heyst

Measuring GHG emissions and
evaluating mitigation technologies and
green energy production to improve
sustainable poultry operations
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for Poultry Barns

Researcher: Gregoy Bedecarrats
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PredictingCO
future
2
climate effects
with
computer modelling
Profs. Ramesh Rudra and Gary
Parkin use field data and computer
models to create simulations of
future climate patterns that may
be expected with climate change.
These simulations can run multiple
scenarios with different effects
while seeing overall patterns. For
instance, the simulations predict
increased temperatures and rainfall.
These researchers are particularly
interested in what these changes
will mean for nutrient transport and
soil hydrology.

Improving Ontario’s
biofuel production
long-term Barns
field trial at the Elora
LEDs forAPoultry

Research
Station run by Prof. Bill
Researcher: Gregoy
Bedecarrats

Deen since 2008 is investigating
nutrient cycling, yields, soil health
Created
LED bulbs to
and greenhouse gases (GHGs)
improvein egg
production
biofuel
grass production. The
and reduce
energy
use
in
research found
Miscanthus
grass
to
be
the
most
economical
option
egg-laying facilities
for farmers, and identified the
more winter-resistant varieties of
Miscanthus (Nagara and Amuri).
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Removing ammonia
from the air

Ammonia is released into
the air during livestock
farming processes and
compost operations.
Profs. Mike Dixon
and Thomas Graham
led a team to
create a system that
monitors ammonia
levels, moves it from
the air into an aqueous
solution, and then removes
the ammonia and regenerates 3
the solution. A low-cost monitoring
system was developed, but
additional work is needed before it
becomes operational.

NH3

NH

LEDs for conserving
energy and increasing
poultry egg production
Prof. Gregoy Bedecarrats
created an LED bulb that
emits wavelengths of
light that encourage
chickens in laying
facilities to lay
more eggs without
causing any stress.
These bulbs use
90 per cent less
energy than traditional
bulbs. With interest
identified from potential users,
Bedecarrats partnered with a
local company — Theis Electrical
Distributing Company — to develop
a commercial grade light bulb
and distribute the bulbs to egg
producers (agrilux.ca).
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